Common bean (Phaseolus vulgaries) is an important crop in Kenya. Good quality seed availability for farmers is usually a major constraint. Bean seed quality is often affected by soil deficient nutrients and suboptimal intercropping systems practiced by farmers. Combined effects of N fertilizer at 0 kg N per ha, 50 kg N per ha and cropping systems comprising of four patterns namely Research, Farmers, Mbili mbili and pure bean stand practices were studied and evaluated in an intercrop involving beans and maize (Zea mays) in the year 2006.The objectives of the study were to determine the effects of cropping systems and N fertilizer application at different locations on bean seed quality. Two field experiments were conducted at the Kenya Agricultural Research Institute (K.A.R.I) in Kenya at its centers, at Kisii and Kibos. Maize hybrid 614D and bean variety KK 8 were used. The studies comprised four cropping systems and two N fertilizer levels in a Randomized Complete Block Design replicated four times. The results showed that Mbili system significantly (P≤0.05) increased the seedling dry matter and seed vigour by 42% and 42% respectively, while the research method increased the seed germination percent by 10.6%.However,bean seed quality parameters such as seedling growth rate, shoot length and seed sizes were unaffected by the intercropping systems. Nitrogen fertilizer increased 1000 seed weight at the Kisii site by 4.5% while at Kibos it reduced the shoot length by 42%.Thousand seed weight, seed germination and shoot length were higher in Kisii than Kibos while cropping systems × fertilizer × location interaction increased seedling growth rate and vigour by 20% and 18% respectively. It was concluded that cropping systems increased the seedling dry matter and seed vigour and N fertilizer increased 1000 seed weight and reduced shoot length of the beans, planting location affected seed quality and cropping systems × N fertilizer × location interactions increased seed vigour. Seed vigour which is considered as one of the physiological characteristics of a seed, can also be the best indicator to be used to determine the performance of field crops under adverse conditions.
INTRODUCTION
Intercropping is an old and widespread practice in the warm countries due to its advantages such as optimum utilization of land (Searle et al, 1981) ,weed suppression ( Haggard-Nelson et al., 2001a) and soil fertility improvement through biological nitrogen fixation by Rhizobium bacteria (Jensen,1996) . Intercropping involving non-legume and legume combination have had significant yield advantages (Morris and Garnty.1993) compared to monocropping system. The yield advantages have been reported in various crop species namely: maize-bean (West and Griffin, 1992) , sorghum (sorghum bicolor) / soybean (Glycine max) (Elmore and Jacobs,1986) , wheat(Triticum aestivum/Mungbean(Vigna radiate L.) Chowduury and Rosaria,1994) ,barley( Hordium vulgare/Pea (Chen et al,2004) and Faba/barley (Trydeman Knudsen et al,2004) .Nitrogen fixed by the legumes is influenced by the component crop morphology, crop density and competitive ability of the legume (Ofori and Sterm,1987) .The morphological and physiological differences between non-legumes and legumes benefit their mutual association (Akuda,2001) .The cereal component crop is usually taller and has a faster growing or more extensive root system of fine roots (Lehmann et al,1998) and very competitive for soil nitrogen than the legumes which usually fix atmospheric N ( Jensen,1996) .
Inter-specific interaction is defined as an interaction between two species that reduces the fitness of one or both of the component crops (People and Crawley, 1992) . It includes both above ground and below ground competition and this plays a role in determining the structure and dynamics of plant communities (Aerts, 1999) .
Bean is the most important leguminous crop grown during the rainy season on vertisols of tropical Africa (Siame et al,1998) .The importance of beans planted with Maize lies on its ability to fix N for its use and for the associated crop. The crop requires more P because adequate P is important for nodulation to take place effectively (Ssali and Keya, 1986) .Since common bean is mostly grown in Kenya under intercropping system with other cereals mainly maize, it was very important to investigate on how bean/maize intercrop affects the quality of seeds of common beans hence the initiation of the study.
MATERIALS AND METHODS:
Location, Planting materials and cropping systems:
The ( Mannihot esculentum) .The bean variety used was KK8.The variety is tolerant to root rot disease and was obtained from K.A.R.I Kakamega, while maize variety H614 was obtained from the Kenya Seed Company stockiest. Four cropping systems were used namely: Research practice, in which maize rows were alternated with bean rows in a plot (maize spacing-75cm*30cm, bean intra spacing 15cm, Farmers practice in which both Maize and bean seeds were sown in the same hole (Maize spacing-75cm*30cm). Mbili technology (maize-50*30cm bean 30*30cm and pure bean stand of 50cm*15cm for ease of measurement and planting.
Although the recommended N fertilizer rate is 75kg N ha -1 in a maize/bean intercrop, 50 Kg N ha -1 was adopted to cater for the pure stand. The recommended rate could have interfered with nodulation leading poor nitrogen fixation by the Rhizobium bacteria. Two N fertilizer levels were applied namely: O kg and 50kgN ha -1
. Two seeds of maize and three seeds of beans were sown per hole and later thinned to one to two seedlings per hole after two weeks respectively. The fertilizers were applied in the form of Calcium Ammonium Nitrate (26%N), applied in two splits and Triple Super Phosphate (45% P 2 O 5 ), 75 Kg ha -1 as a blanket application at planting time in plots measuring 3m × 3.5m sizes.
Experimental Design and Treatments:
The experimental design was a 4*2*2 factorial in a Randomized Block Design with four replications. There were three factors namely cropping systems at four levels; Research Practice, Farmers 'practice, Mbili technology and pure stand of beans. Nitrogen fertilizer was applied at two levels; 0 kg Nitrogen ha -1 and 50 kg ha -1 and tested at two sites in Kibos and Kisii.
The treatments applied were as follows: Data Collection: 1000 Seed Weight (TSW) and Seed Size: Maize and bean seeds were harvested at physiological maturity when the moisture content of bean seed was between 19 and 25%.The bean seeds were then dried, threshed and cleaned by hand to the moisture content of 14%. Analytical purity of the bean seeds was then determined by separating pure bean seeds from the other crop seeds. Weed seeds and inert matter.TSW was determined by using a tray counter having 100 holes notched on it. This procedure was repeated ten times to give 1000 seeds. The seeds were then weighed to determine their weights per plot.1000 seeds of every plot of the study from both sites were sampled and their sizes (Seed width, seed length and seed thickness) determined using a Veneers Caliper.
Germination Percent: One hundred seeds per treatment from 1000 seeds of beans of every treatment from four replicates were counted at random (ISTA, 2004) after the analytical purity test. Seeds were then placed in a germinator with a temperature of 250C.Two counts were made, first count at seven days. Moisture condition was checked every day and distilled water added when necessary. The following parameters were determined at the end of seven days: number of normal seedlings, abnormal seedlings, hard seeds, fresh ungerminated seeds and dead seeds. Germination capacity of normal seedlings was calculated based on total number of seeds planted and expressed as percentage (ISTA, 2004) .
Seed Vigour Parameters: Shoot length and Root length: Shoot length was determined by measuring from the longest tip of the leaf to the soil, while root length was determined measuring length from the tip of the longest root to the point of attachment just below the ground level.
Seedling growth Rate (SGR): Germination capacity was determined according to ISTA rules as mentioned elsewhere in this paper. The bean seeds were germinated in two rows each of 25 per replicate per treatment in four replications giving a total of 100 seeds per treatment in germination tray using sterilized sand as growth media and placed in a germinating chamber. The seeds were allowed to germinate in the dark germination cabinet maintained at a temperature of approximately 25 o C.The temperature was maintained for seven days throughout. At the end of the period, germination count was carried out according to ISTA, (2004 Samples of 50 seeds for every treatment from the four replicates of the treatments were weighed and placed in a 250ml plastic container with distilled water and were set up. The containers were then placed in an incubator set at a constant temperature of 25 0 C for 24 hours (ISTA, 2004) . At the end of the incubation period, they were then removed and the contents of the plastic container gently stirred with seeds while still inside the plastic container and the EC determined by inserting a cell connected to a conductivity Bridge into solutions in the plastic beaker. The Field Lab-LF conductivity meter and LF 513T Electrode dip type cell was used (Scott Gerate Glass Company, Mainz, Germany (Jain et al., 1998) .The conductivity meter was frequently checked and adjusted as necessary at every start of each test. The dip cell after rinsing was set at a constant of 0.00 in water. It was then dried by blotting paper on a filter paper before and after each replicate/sample was tested. The conductivity readings (micromhos per cm) were recorded per treatment and later divided by weight (g) of each sample to give measurement in micromhos per cm. The electrical conductivity was then computed according to the formula below: Correlation analysis was done to detect the association of seed parameters and physiological characters and also to detect association of croppingnitrogen interactions and seed physiological qualities.
RESULTS
The various analyses of effects of cropping systems (Cs),Nitrogen application(N),location,(L),and location(L) × Croppingsystems(Cs),Nitrogen(N) × L,Cs × N, L× N, L× Cs × N interactions are shown in Tables 1 and 2 . Significant Location effects for seed weight, seedling growth rate (SGR), seed vigour and seedling dry matter, seed width and seed length are shown in table 1.Similarly, significant effects due to location for 1000 seed weight and germination percent are shown in table 2.The effects due to cropping systems were observed for seed weight, seed vigour and seedling dry matter (Table 1 and 2).However, N effects were significant for root length (Table 2 ). Interactions were also observed for location*cropping systems for seed vigour, seedling dry matter and seed width. (Table 1 ).There were no significant interactions for all the seed quality parameters determined. The results showed that the effects due to location, cropping systems and Nitrogen were significant for germination percent. However, no significant cropping systems*Nitrogen and Location *cropping systems*Nitrogen interactions were observed for shoot length, 1000 seed weight (TSW) and root length. Nitrogen significantly (P≤0.01) affected root length). There were no significant interactions for the quality parameters such as root length and shoot length. (Table 7) . However, there were no significant (p≥0.05) differences between addition of N fertilizers in Farmers' practice and pure bean stand in terms of seedling growth rate, seed vigour and seedling dry matter (Table 7) .
Pure bean stand and Farmers' practice significantly increased seed width and seed length by 17% and 5% respectively (Table 8) . However, planting pattern involving Mbili technology and pure bean stand together with N fertilizer application reduced seed thickness by 11% and 5% respectively (Table 8) .
Planting bean stand at two different sites also showed significant differences for shoot length and seed germination percent (Table 6 ) but seedling growth rate, 1000 seed weight and root length were unaffected.
Whilst, 1000 seed weight, seed germination percent and shoot length were higher at the Kisii site, seedling growth rate and root length were better at the Kibos site than Kisii site (Table 6 ).
Effects on Locations on Seed Quality of Beans:
The effects of sites (Kisii and Kibos) on various aspects of seed quality of bean seeds are shown in Tables 5 and 6 . Planting of beans seeds at different sites showed significant differences between them for seedling dry matter .These seed quality parameters were higher at the Kibos than kisii (Table 5) . Location had no effect on seed thickness and seed thickness (Table 5) .
Effects of Nitrogen on Seed Quality of Beans:
The effect of Nitrogen application on seedling dry matter, seed length, seed thickness, root length, shoot length, seed vigour, seed length, seed germination, seedling growth rate,1000 seed weights are shown in table 4 above. Nitrogen fertilizer significantly increased 1000 seed weight at Kisii site and reduced shoot length of bean seeds at Kibos but it did not affect other seed quality parameters at both sites.
Research method and Farmers' practice with Nitrogen fertilizer increased germination percent by 11 percent and 19% while Mbili technology and Research method also increased 1000 seed weight by 7% and 15% respectively (Table 9) .Research method and pure bean stand significantly reduced shoot and root length by 35% and 30% respectively with N fertilizer.
Conversely, research methods, Mbili and pure stand bean significantly reduced root length, with N fertilizer by 16%, 15% and 26% respectively ( 
Correlation Coefficients for Seed Physiology and growth traits on beans at Kisii and Kibos Sites:
The correlations between different characteristics of bean seed quality are shown in Table 10 , 11, 12 below. The relationships between seed characteristics were observed to be negative and positive. Significant linear correlations(r = 0.59**) between seed length(SL) and seed width (Sw) was observed at Kisii (Table 10 ).However the same seed length at Kibos (Table 10 ) was significantly correlated with seed thickness and seed width(r=0.48) ,while seed thickness was associated with 1000 seed weight at Kibos (Table 11 ) but not at Kisii (Table  10 ).Significant correlation (r=0.98**) between seedling growth rate and seedling dry matter was also observed (Table 10) .
Negative correlation between seedling growth rate and germination was observed at Kibos (Table 11) . However, across the site, significant correlations between seedling growth rate and germination percent(r = 0.55), seedling dry matter(r = 0.60**) were detected (Table 12 ), while at the same time, across the site, seed germination was observed to correlate with EC test on vigour (Table12).Positive correlations (r = 0.54),(r = 0.71 and r = 0.55 between shoot length, root length at Kisii, kibos and across the sites respectively were observed. No significant correlations existed between seedling growth rate and seed sizes were observed. Effects of Treatments on Seed Quality: There were significant(p≤0.05) location effects on 1000 seed weight, seed length and seed width which could be due to differences in altitude, soil type and temperature differences at the two sites. Seed filling process in beans was most probably affected by temperatures as happens in most crops (Chowdhury and Wardlaw,1978) .The different temperatures at the two sites: Kibos(33.2 O C) and Kisii(20.9 degrees centigrade) apparently caused the seed filling duration differences at these two sites. Although legumes are very sensitive to extremes of temperature, seed filling duration for beans is relatively insensitive to temperature between 20 and 30 O C (Hesketh et al, 1973; Egli, 1994c) . It is unlikely that variation in temperatures, particularly when it was high would have shortened the seed filling period hence affecting the overall seed length seed width, seed thickness and seed weight (Fig 2) but could be due to other factors rather than temperature. Water stress and flooding particularly at Kibos between March and May (Table 1) could have shortened the seed filling period thereby reducing seed weight. Seed filling duration, seed weight and seed size were reduced due to the earlier than usual physiological maturity caused by severe water stress and flooding during flowering. This concurs with similar observations on wheat (Brooke et al, 1982) . It is still unknown how moisture stress acts on the seed directly or through accelerated leaf senescence (De Souza et al., 1997) .The significant effects of location on seedling growth rate and vigour may have been due to temperature variation in both sites, which may have affected the metabolic processes in the seed which are temperature-driven. The observed site differences in seedling growth rate and seed vigour which were mainly due to temperature and differences in altitude effects at the two sites could have caused significant differences in seed vigour agreeing with Toshiro and Wardlaw (1989) who similarly reported decreased seedling growth rate of wheat and rice at 30 0 /25 o C.Temperature apparently affects seed metabolism and assimilate partitioning to the seed which affects seedling growth rate and vigour. The low temperature at the Kisii site and the flooded conditions at the Kibos site may have reduced enzymatic activity for the breakdown of food reserves resulting in the accumulation of germination inhibitors in the seeds. Variation in seed vigor and seedling growth rate may have been attributed to moisture differences which apparently reduced photosynthesis and assimilate partitioning thus reducing seed growth rate.
There was a significant location × cropping system interaction which could be attributed to spatial arrangement of the crop which influenced the rate at which light is was intercepted for photosynthesis (Table 1) which ultimately affected canopy photosynthesis and dry matter accumulation.
There was no significant interaction between N application and cropping system demonstrating that supply of N did not affect systems on their effect on seed quality.
In our study, significant location x N fertilizer application interaction could be attributed to differences in the level of N and other weather related factors that influenced seed development.
Effects of Cropping Systems on Bean Seed
Quality: Mbili technology increased the seedling dry matter by 42 % (Table 3) and seed vigour by 19%, while Farmers' practice increased germination percent. This could be attributed to the fact that the spatial arrangement in the maize-bean mixture was such that beans got adequate light for optimum photosynthesis .This latter finding confirms the fact that beans and maize have no serious competition for light per annum between them (Wortman et al., 1991; Norman et al., 1996) .
Effects of N application on Bean Seed Quality:
Nitrogen fertilizer increased 1000 seed weight at the Kisii site but not Kibos where shoot length was increased. This could be due to the strong sinks which might have affected photosynthesis and dry matter partitioning in the seeds which affected seed weight (Duncan et al, 1974) .Our findings, however do not agree with Songin, 1993 who reported that 1000 seed weight did not depend on N fertilizer application in Pea, but agree with those of Ziolek and Kuling, 1997 who reported that N fertilizer decreased 1000 seed weight in pea. All these differences imply different experimental set-ups in terms of varieties, environmental and ecological conditions. More studies are needed in this area to confirm or disapprove the results, Effects of Location on Bean seed Quality: The quality of beans at the two sites, Kibos and Kisii was different in terms of seedling growth rate, seed width, seed vigour, shoot length and seed germination. The differences could be attributed to the differences in temperature and rainfall regimes. Differences in soil properties could also have caused the differences.
For example, the soil type at Kibos was black cotton soil that could easily get compacted and prevent optimum root development which in turn could have affected root development and water and nutrient uptake. Conversely, Kisii soils are red volcanic types which are poor in retaining moisture. Soil pH differences at the two sites could have also affected the results. Kisii site had a pH of 4-5 while Kibos had a pH of 5.8-6.All stages of bean development require a pH of about 5.2 and nutrient availability which affects plant growth. The differential requirements of temperature and moisture for the bean plant at different stages may have also affected its performance at the two sites (Laing et al., 1984; Stover, 1974; Kay; 1979) .
Effects of cropping systems, Nitrogen Fertilizer and Location on Been Seed Quality:
The application of N fertilizer on Research practice and interactions increased the seedling growth rate and seed vigor of beans. This could be attributed to the combined soil N applied and N fixed by the Rhizobium bacteria in the beans roots which usually promotes the development of the crop at its sowing time and reproductive stages (Table 7) (Gorecki, 1983 . Competition between maize and beans for N is also a factor because the latter can fix N (Wortman et al., 1991; Norman et al, 1996) .Similar results were reported by Ghosh (2006) in a sorghum/soybean intercropping system. Intercropping systems are superior to sole cropping due to the spatial differences in the root mass which facilitates utilization of greater soil volume. The decrease in root growth in the soil when N was applied was probably due to the high rate of N consumption by Maize. Similar findings have been reported by Ghosh (2006) in a sorghum/soybean intercrop system. This could be attributed to reduced light energy received by the beans. Reddy and Willey (1981) had similar arguments. This shows inter-specific competition between non-legumes and legumes occurs in an intercropping system and that there is always coexistence of negative and positive interactions in the same ecosystem. (Callaway,1998) ,This has been reported in wheat and Sorghum (Li et al,2001) .The increase in seed germination and 1000 seed weight in beans was due to the combined effects of N fertilizer and thus the component of Maize was a major contributor to 1000 seed weight. This intercrop advantage has also been reported by Jensen (1996) .These favorable effects of cropping system and Nitrogen fertilizer interaction may have increased photosynthesis and N absorption rate which resulted into increased seedling growth rate of common bean.
Cropping system, Nitrogen and location interactions increased the seed width and seed length (Table  8 ).This could have resulted from accelerated seed development during seed filling caused by increased N availability. Similar results have been reported in wheat, rice and soybean (Hass, 1975; Langer and Liew, 1973, maize (ECK, 1984 , perennial rhye grass (Ene and Bean, 1975) .
Cropping system, N fertilizer and Location interactions reduced root length and shoot length and shoot length( Table 9 ).The inability of dry beans to get enough light could have caused competition for water and nutrients (Midimore, 1993 ) that influenced interspecific competition. The reduced light energy caused by reduced canopy light interception may have affected N fixation by restricting the photosynthetic process and energy supply to the roots for effective nutrient absorption resulting in reduced nodulation, nodule number and size (Nambiar et al., 1986; Ghosh et al., 2006) .This was probably due to the stronger competitive ability of maize for nutrients compared to beans.
Correlation between seed length and seed width, seed length and seed thickness, seed thickness and1000 seed weight, seedling growth rate and seedling dry matter and seedling growth rate and seed germination indicated their potential in determining the quality of bean seed lots. This is due to the fact that large sized seeds have high germination percent at all depths than small sized seeds. This is because plants from large sized seeds produce more tillers or branches accumulate dry matter (Stanton, 1985; Ngegi and Todaria, 1997) . However, the findings of our study are at variance with those of Sexton, (994) who reported that seedling growth rate who reported that seedling growth rate was correlated with seed size in beans.
CONCLUSION:
It can be concluded that cropping systems (double rows of beans alternating with double rows of maize) increased the seedling dry matter and seed vigor of beans and that applications of N fertilizer increased 1000 seed weight and reduced shoot length of beans. Similarly, it can be concluded that planting location affected seed quality while cropping system (single rows maize and bean alternating) × N fertilizer × location interactions increased seed vigor and finally that N fertilizer application is required for pure bean seed production.
